This investigation examined the effects of listener age and hearing loss on recognition of accented speech. Speech materials were isolated English words and sentences that featured phonemes that are often mispronounced by non-native speakers of English whose first language is Spanish. These stimuli were recorded by a native speaker of English and two non-native speakers of English: one with a mild accent and one with a moderate accent. The stimuli were presented in quiet to younger and older adults with normal-hearing and older adults with hearing loss. Analysis of percent correct recognition scores showed that all listeners performed more poorly with increasing accent, and older listeners with hearing loss performed more poorly than the younger and older normal-hearing listeners in all accent conditions. Context and age effects were minimal. Consonant confusion patterns in the moderate accent condition showed that error patterns of all listeners reflected temporal alterations with accented speech, with major errors of word-final consonant voicing in stops and fricatives, and word-initial fricatives.
I. INTRODUCTION
Older people often experience difficulty understanding speech, particularly in challenging conditions that include listening to speech in noise or reverberation, and listening to fast speech ͑Nábflek and Robinson, 1982; Dubno et al., 1984; Gordon-Salant and Fitzgibbons, 1993͒ . Most of the speech understanding problems of older listeners can be explained by reduced audibility of speech as a result of agerelated hearing loss ͑Humes and Dubno, 2009͒ . Part of the problem, however, also appears to be related to deficits in auditory temporal processing, which affect the ability of older normal-hearing and hearing-impaired listeners to understand temporally altered speech ͑Gordon-Salant and Fitzgibbons, 1993͒. One type of speech signal that also incorporates altered temporal cues is accented speech. In general, the temporal modifications inherent in accented English affect the overall prosody of the message as well as the duration of discrete acoustic cues for phoneme identity. Given that older people exhibit difficulty perceiving temporal changes in speech and non-speech signals, it is reasonable to expect that they would experience considerable difficulty understanding accented English.
In 2000, about 18% of the nation's population of schoolage children and adults spoke a language other than English at home ͑Shin and Bruno, 2003͒. Spanish was spoken by more than half of non-English speakers in the United States and was rated the most prevalent foreign language spoken in the home. The second most prevalent foreign language, Chinese, was spoken by 4.2% of non-English speakers ͑Shin and Bruno, 2003͒. Many non-native speakers of English are employed in service professions as well as in management and professional occupations, transportation, sales, and administrative support positions ͑Larson, 2004͒, where it is likely that they communicate with elderly individuals.
Even for young listeners with normal-hearing, accented English is often difficult to understand ͑Munro and Derwing, 1995͒ and requires more effort to process than that needed for unaccented English ͑Schmid and Yeni-Komshian, 1999͒. The implications of this finding suggest that for older people who find speech comprehension an effortful task ͑Wingfield et al., 2006͒, listening to accented speech would be even more taxing. The ability of older listeners to understand accented English has not been examined extensively in the literature. The single report of older listeners' recognition of accented speech indicated that older listeners with agerelated hearing loss recognized words and sentences more poorly than younger listeners with normal-hearing, when the stimuli were produced by native speakers of Spanish and Taiwanese ͑Burda et al., 2003͒ . Because the older listeners had poorer hearing sensitivity than the younger listeners in this study, it is unclear whether the group differences were attributed to reduced audibility or the effects of age in the older group.
The acoustic attributes of accented English vary somewhat with the first language ͑L1͒ of the speaker, and may include both spectral and temporal modifications compared to native English. Nevertheless, many of the prominent features of accented English involve temporal alterations in the signal. The present investigation focuses on perception of accented English where the speaker's L1 is Spanish. Some of the temporal changes of Spanish-accented English range from segmental variations in voice-onset time ͑VOT͒ ͑Flege and Eefting, 1988͒, syllable stress ͑Flege and Bohn, 1989͒, and vowel duration ͑Fox et al., 1995; Shah, 2004͒ to overall word duration ͑Shah, 2004͒. With respect to speech prosody, it is well known that different languages are characterized by variations in their timing structure, with different elements recurring at approximately equal intervals ͑isochrony͒. For example, English is classified as a stress-timed language, with isochronous intervals between stressed syllables. Thus, spoken syllables produced by native speakers of English often vary duration. In contrast, Spanish is classified as a syllable-timed language, in which every syllable is isochronous and equally stressed ͑Pike, 1945͒. Native speakers of Spanish who learn English as a second language ͑L2͒ usually retain the stress pattern of their native Spanish and therefore produce sentences with a different tempo than English; in addition, they produce phonetic segments that are altered in duration.
A listener's age and hearing sensitivity affect perception of discrete temporal cues in speech. Two recent investigations underscore these effects. In the first investigation, natural speech continua of isolated words that varied in a single temporal cue were presented to younger and older listeners with normal-hearing and older listeners with hearing loss ͑Gordon- Salant et al., 2006͒. In different continua, the single temporal cue varied was VOT, vowel duration as a cue to post-vocalic consonantal voicing, silence duration as a cue to the sibilant/affricate distinction, and formant transition duration for a stop/glide distinction. Analysis of listeners' crossover points for the different continua revealed that older listeners required longer durational cues than younger listeners to shift their percept from the reference stimulus ͑with the shorter cue͒ to the alternate stimulus ͑with the longer cue͒ for some continua but not for others. The strongest age-related findings were revealed for the continuum in which the duration cue was the silent interval that preceded the final fricative /ʃ/, as a cue for the fricative/affricate distinction ͑i.e., dish vs ditch͒. Effects of hearing loss were also observed for this continuum. Age-related differences were observed also for the continuum that varied formant transition duration ͑i.e., beat vs wheat͒. A follow-up study ͑Gordon-Salant et al., 2008͒ examined perception of similar temporally based natural speech continua for words presented in isolation and inserted into a sentence context. Results showed that all listeners tended to require longer temporal cues to identify contrasting words embedded in a sentence context than words presented in isolation. Age-related differences were observed for many of the speech continua presented, and for these continua, older listeners required longer durational cues than younger listeners to cross over perceptually from one phoneme category to the other. Hearing loss effects, in addition to aging effects, were revealed for continua that varied the duration of a silent interval signaling a shift from a fricative to a consonant cluster or affricate. Taken together, the results of these two studies suggest that older listeners require longer temporal cues than younger listeners to identify discrete phonemes such as affricates ͑as in ditch͒, voiceless plosives ͑as in pie͒, post-vocalic voiced consonants ͑as in ride͒, and glides ͑as in wheat͒, particularly when these words are embedded in sentence contexts.
If English spoken by a non-native speaker is characterized by shortened temporal segments, it may be expected that older listeners' identification of words will be poorer than that of younger listeners, especially when these words are presented in a sentence context. Consequently, the present study sampled both word-initial and word-final contrasts that were expected to yield shortened temporal segments in Spanish-accented speech. It was predicted that the specific confusions would be quite different for accented word-initial consonants vs word-final consonants. For example, with shortened VOT, older listeners may perceive intended voiceless word-initial stops as voiced ͑e.g., hearing /bin/ for intended /pin/͒. However, with shortened vowels preceding voiced final stops, older listeners may be more likely to perceive intended voiced post-vocalic stops as voiceless ͑e.g., hearing /cap/ for /cab/͒. Similarly, literature suggests that vowel duration in Spanish-accented speech may affect the listener's ability to discriminate tense from lax vowels, as in /i/ vs /(/ ͑e.g., Shah, 2004͒. Thus, it may be anticipated that error rates for vowel identity will increase with accent and will be poorer for older listeners than younger listeners. Additionally, older listeners with hearing impairment may be expected to exhibit higher error rates for unaccented and accented speech, compared to older listeners with normal-hearing, because of limitations in audibility and broader critical bands, which would limit resolution of spectral information conveying consonant and vowel identity.
Older listeners also have difficulty accurately perceiving the timing structure of sequences of acoustic stimuli. Previous studies have shown significant age effects for discrimination of isochronous sequences of brief ͑50 ms͒ tones, either when all temporal intervals are increased uniformly or when a single temporal interval is increased ͑Fitzgibbons and Gordon-Salant, 2001͒. These age-related effects are magnified considerably when spectral and temporal complexities are incorporated into the tonal sequence to mimic some of the variations inherent in natural speech ͑Fitzgibbons and Gordon-Salant, 2004͒. Based on the substantial age-related deficits observed in discrimination of temporal sequences, it is possible that older people experience greater difficulty perceiving accented words in sentences than in isolation because of the altered prosody of the spoken message.
The purpose of this investigation is to test several interrelated questions regarding perception of accented words and sentences by younger listeners and older listeners with and without hearing loss: ͑1͒ Do age and hearing loss have a differential effect on recognition of unaccented and accented words and sentences? ͑2͒ Do older listeners exhibit poorer recognition of accented sentences than accented words? ͑3͒ Do the error patterns of listeners reflect difficulty perceiving temporal cues in accented speech when the L1 is Spanish and do the error patterns vary between the listener groups? Along these lines, do the error rates vary for the different listener groups for word-initial consonants, word-final consonants, and medial vowels in consonant-vowel-consonant ͑CVC͒ stimuli? The experiment compared the performances of young listeners with normal-hearing, older listeners with normal-hearing, and older listeners with hearing loss, in order to differentiate the effects attributed to hearing impair-ment from those attributed to age. These same listeners participated in a corresponding psychoacoustic experiment, which showed that the difference limens ͑DLs͒ of the older groups were larger than those of the younger group on a duration discrimination task for target components within auditory sequences ͑Fitzgibbons and Gordon-Salant, in press͒. Hence, it was anticipated that the older groups with demonstrated temporal processing deficits would show higher error rates than the younger listeners on the accented speech task.
II. METHOD

A. Participants
A total of 45 adults participated in these experiments. They were assigned to three groups on the basis of age and hearing status. The first group, young normal-hearing ͑Yng Norm͒ included 15 individuals aged 18-25 years ͑mean = 20.2 years͒ with normal-hearing sensitivity. Normalhearing sensitivity was defined as pure-tone thresholds Յ20 dB hearing level ͑HL͒ from 250 to 4000 Hz ͑re ANSI, 2004͒; this criterion was used for two of the three listener groups. The second group, older normal-hearing ͑Older Norm͒, was comprised of 15 individuals aged 66-81 years ͑mean= 70.87͒. The third group, older hearing-impaired ͑Older Hrg Imp͒, included 15 older people ͑65-81 years, mean= 74.93͒ with gradually sloping, mild-to-moderate sensorineural hearing losses typical of presbycusis. ͓It should be noted that another group of 15 additional young normalhearing listeners ͑ages 18-24 years, mean= 22.33͒ was included for purposes of equating thresholds of a younger group to those of the older normal-hearing listeners by presenting a low-level noise masking during all of the speech experiments, following procedures used in prior experiments ͑Gordon- Salant et al., 2006 Results from these listeners were essentially identical to those of the young normalhearing listeners without noise masking and consequently, these findings will not be reported separately.͔ Acoustic immittance measures conducted during the preliminary audiometric assessment confirmed that all listeners had normal peak admittance, tympanometric pressure peak, equivalent volume, and tympanometric width indicative of normal middle ear function ͑Roup et al., 1998͒, as well as acoustic reflex thresholds elicited at levels within the 90th percentiles for individuals with comparable pure-tone thresholds ͑Gel-fand et al., 1990͒. All listeners exhibited good-to-excellent ͑Ͼ80% correct͒ monosyllabic word recognition scores for a standard word test ͑Northwestern University Test No. 6, Tillman and Carhart, 1966͒ presented at suprathreshold levels in quiet under headphones. These results are generally consistent with a cochlear site of lesion among the participants with hearing loss.
In addition to the audiometric and age criteria listed above, listeners were required to be native speakers of American English, pass a screening test for general cognitive awareness ͑Pfeiffer, 1977͒, and have at least a high school education. They also needed to possess sufficient motor skills to provide a written response to the speech stimuli. Several other preliminary measures were obtained from each of the listeners as part of a larger project, including the Hear- 
B. Stimuli
The stimuli were 160 monosyllabic words in a CVC format and 160 sentences that featured these same monosyllabic words as the final word in the sentence. The sentences contained no contextual cues for the target word identity ͑e.g., "Tom will consider the beach"͒, and were all simple declarative sentences containing five to seven words.
Target final words were chosen to be one of a phonetically contrasting pair that differed in either consonants or vowels, and were likely to be mispronounced by non-native speakers whose L1 was Spanish. For the consonants, the contrasts were based on voicing in stops ͑/b-p/, /d-t/, and /g-k/͒, voicing in fricatives ͑/v-f/ and /z-s/͒, a stop/fricative contrast ͑/t-/͒, and a fricative/affricate contrast ͑/ʃ-tʃ/͒; all of these contrasts were sampled both word initially and word finally. For the vowels, the phonetic contrast was always ͑/i-(/͒, as representative of a tense-lax vowel contrast that often is very difficult for L1 speakers of Spanish to produce distinctly ͑Magen, 1998; Shah, 2004͒. This contrast was examined in the context of different consonants in a CVC format. Initially, there was a pool of 174 word pairs. An attempt was made to match the word pairs on frequency of occurrence based on the Kucera and Francis ͑1967͒ word counts. This reduced the corpus to 80 word pairs that had the closest frequency match. Subsequent analyses of the 80 word pairs using the counts of the English Lexicon Project ͑Balota et al. 2007͒ showed that 48% of the word pairs differed by less than 1.0, 32% differed by 1.01-2.0, and the remaining differed by 2.01 or more, based on the log-transformed hyperspace analog to language ͑HAL͒ frequency norms ͑Lund and Burgess, 1996͒. The final corpus of stimuli was divided into 4 lists of 40 items/each ͑see Table I͒. Contrasting word pairs appeared on different lists, and each list had a similar phonetic composition. For example, the first word in list 1, bun, contrasts with the word, pun, in list 4. The word stimuli also appeared at the end of 160 different sentences, which provided no contextual cues for the final word's identity.
A native speaker of English and three native speakers of Spanish recorded the test materials. All of the speakers were male college students, ages 19-25 years, who had normalhearing sensitivity. The native speakers of Spanish were raised in Colombia and learned to speak English at the age of 8-9 years. Three repetitions of each stimulus were recorded by each speaker onto a laboratory computer using a professional quality microphone ͑Shure SM48͒, a pre-amplifier ͑Shure FP42͒, and sound-recording software ͑Creative Sound Blaster Audigy͒. Speakers were instructed to read out loud at a normal conversational rate during the recordings. A pilot study was conducted to select one non-native speaker with a mild accent and one non-native speaker with a moderate accent, as well as to confirm the lack of perceived accent in the native speaker of English. To that end, 30 different sentences recorded by each of the 4 speakers were presented to 10 young normal-hearing native speakers of English ͑18-25 years͒ who were asked to rate each sentence on a five-point scale, ranging from 1 = no accent to 5 = severe accent. The final speakers chosen were the original unaccented speaker ͑average rating of 1.04͒, a mildly accented speaker ͑average rating of 1.86͒, and a moderately accented speaker ͑average rating of 3.62͒.
The recorded stimuli were edited ͑COOL EDIT PRO, V. 2, Syntrillium Software Corp., Phoenix, AZ͒ to select tokens that were free of extraneous sounds and did not contain any peak-clipping. The rms levels of the words and sentences were sampled and adjusted such that all of the words were equivalent in rms level and all of the sentences were equivalent in rms level. Calibration tones were created to be equivalent to these rms levels. The final lists created for each speaker had a unique word order; these lists of words and sentences were recorded onto digital-audio tape ͑Tascam DA-40͒ for later presentation to listeners, with each list preceded by the appropriate calibration tone. Each stimulus on a list was preceded by the phrase "number x" ͑where x corresponded to the number of the stimulus on the list͒ and 1.5 s of silence. The inter-stimulus intervals were 4 s for the word lists and 16 s for the sentence lists, which have been shown in previous investigations to be sufficient for the older listeners to provide a written response ͑e.g., Gordon-Salant and Fitzgibbons, 1997͒. There were a total of 24 recorded lists ͓3 speakers ͑unaccented, mildly accented, moderately accented͒ ϫ4 listsϫ2 list types ͑sentences and words͔͒.
C. Procedure
During the experiment, the stimuli were played back through a digital-audio tape player ͑Tascam DA-40͒, mixed ͑Coulbourn audio-mixer amplifier S82-24͒ and routed to a single insert earphone ͑Etymotic ER3A͒. The levels of the calibration tones were adjusted to 85 dB sound pressure level ͑SPL͒. Listeners were seated comfortably in a double-walled sound attenuating chamber. They were informed that they would hear either words or sentences and were instructed to write down all that they heard on an answer sheet. Guessing was encouraged if a listener was unsure of the stimulus perceived. Half of the listeners in each group heard the word lists first and half of the listeners in each group heard the sentence lists first. The order of presentation of the 12 speakerϫ word lists and 12 speakerϫ sentence lists was randomized, such that neither the same speaker nor the same list was heard in sequential order. As noted above, within each of the lists, the sentence or word order was randomized so that no list contained the stimuli in the same order. Listeners were given frequent breaks during each listening session. The experiment was completed in three sessions of 2 h each. Listeners were paid for their participation in the experiment. This research project was approved by the University of Maryland Institutional Review Board for Human Subjects Research.
III. RESULTS
A. Recognition of words and sentences "percent correct…
Initial data analysis entailed calculating percent correct scores for each listener for all of the words in isolation ͑four word lists combined͒ and the final words of the sentences ͑four sentence lists combined͒ separately for each talker. Figure 1 shows the percent correct scores for each group in the three accent conditions, for the words presented in isolation and a sentence context. The percent correct scores were arcsine transformed prior to conducting analyses of variance ͑ANOVAs͒ to examine the main effects of accent ͑no accent, mild accent, and moderate accent͒, context ͑words in isolation and words in sentences͒, and listener group. Results of the ANOVA revealed significant main effects of accent ͓F͑2,84͒ = 750.17, p Ͻ 0.001͔ and group ͓F͑2,42͒ = 21.50, p Ͻ 0.001͔, and significant interactions between accent and group ͓F͑4,42͒ = 4.03, p Ͻ 0.01͔, and between accent, group, and context ͓F͑4,84͒ = 5.06, p Ͻ 0.01͔. The main effect of context was not significant ͓F͑1,42͒ = 0.048, p Ͼ 0.05͔. Posthoc analysis ͑simple main effects, simple-simple effects, and multiple comparison tests with the Bonferroni correction͒ of the three-way interaction showed a consistent and significant effect of accent for each group in each context, in which recognition performance was highest for the unaccented speaker, poorer for the mildly accented speaker, and poorest for the moderately accented speaker ͑all comparisons significant, p Ͻ 0.001͒. Post-hoc multiple comparison tests of the group effect revealed that the older listeners with hearing loss performed more poorly than the younger and older normal-hearing groups in each accentϫ context condition ͑p Ͻ 0.01, all comparisons͒. In addition, the older normalhearing group performed more poorly than the younger normal-hearing group in the sentence context with the mildly accented talker ͑p Ͻ 0.05͒. Thus, the source of the three-way interaction was a significant age effect for the mildly accented speaker in the sentence context condition only, which was not observed in any other accentϫ context conditions. Taken together, these findings suggest that the strongest effects were for accent and listener group, with all listeners affected by the degree of accentedness of the talkers. There was a consistent effect of hearing loss in all conditions, in which the older hearing-impaired group performed more poorly than all other groups. Age effects were observed in the sentence context for the mild accent condition, with the older normal-hearing group performing more poorly than the younger normal-hearing group. Context effects were minimal.
B. Consonant and vowel errors in target word recognition
A second analysis compared the error rates for consonants and vowels in isolated target words and target words presented at the end of sentences. Because the preliminary analysis indicated that performance patterns were similar for the isolated words and words in sentence conditions, further analysis focused on the nature of the errors in isolated words.
To that end, errors in word-initial consonants, word-final consonants, and vowels were examined for all listeners in the three accent conditions. These results are shown in Fig. 2 . An ANOVA was conducted to compare the error rates for wordinitial consonants, word-final consonants, and vowels ͑error type͒, for each accent condition and group. The ANOVA revealed significant main effects of accent ͓F͑2,84͒ = 724.10, p Ͻ 0.001͔, error type ͓F͑2,84͒ = 215.64, p Ͻ 0.001͔, and group ͓F͑2,42͒ = 19.08, p Ͻ 0.001͔. There were also significant interactions between accent and group ͓F͑4,84͒ = 6.01, p Ͻ 0.001͔, error type and group ͓F͑4,84͒ Further analysis of the accentϫ group interaction ͑one-way ANOVAs and multiple comparison tests using the Bonferroni correction͒ indicated a group effect for each accent condition ͑p Ͻ 0.001, all comparisons͒, in which the older hearing-impaired listeners exhibited higher error rates than the other two groups. The source of the interaction appears to be a greater accent effect for the older hearing-impaired group compared to the two normal-hearing groups; furthermore, the error rates for the two normal-hearing groups are similar in the two accented speaker conditions. The accent ϫ error type interaction reflected a different pattern of error for the mild accent condition compared to the other two speaker conditions. For the no accent and moderate accent conditions, error rates were lower for vowels than for consonants ͑p Ͻ 0.01͒, with no differences in error rates for wordinitial and word-final consonants. For the mild accent condition, error rates were also lower for vowels than for consonants ͑p Ͻ 0.01͒, but there was additionally a consonant position effect ͑p Ͻ 0.01͒, in which error rates were lower for consonants in the word-initial position than in the word-final position.
The error typeϫ group interaction was analyzed with data collapsed across accent conditions. The group effect was significant for each phoneme error type, with the older hearing-impaired listeners exhibiting higher error rates than the two normal-hearing groups ͑p Ͻ 0.01͒. The effect of error type was slightly different for the young listeners compared to the two older groups. The older groups showed fewer vowel errors than errors for consonants in either word position. However, the younger listener group showed a lower error rate for vowels than for consonants in the final position only. Even though it appears that in the moderate accent condition ͑see Fig. 2͒ , the young normal-hearing listeners showed slightly higher error rates for vowels than the other groups, differences between groups were not significant in this condition ͑p Ͼ 0.05͒. Vowel errors were primarily observed in the context of fricatives ͑e.g., ship vs sheep͒ and liquids ͑e.g., list vs least͒, in which the intended lax vowel ͑I͒ was heard as the tense vowel, /i/.
C. Patterns of errors in consonant recognition
The error patterns seen in consonant recognition were examined further. To that end, confusion matrices were created for the three listener groups in the word and sentence contexts, for each of the three accent conditions. Separate confusion matrices for consonants in word-initial and wordfinal positions were derived. A thorough examination of these confusion matrices showed that the pattern of errors and overall level of errors were similar between isolated words and words in sentence contexts; isolated words were selected to represent the nature of these errors. Table II shows the error rates of all listener groups for all consonant categories in isolated words, for the no accent and moderate accent conditions. It was further observed that the patterns of errors across the accent conditions were qualitatively similar for the three listener groups, but most pronounced in the older hearing-impaired group in the moderate accent condition. To illustrate the nature of the specific errors, the consonant confusion matrices of the older hearing-impaired listeners are presented in Tables III and IV for consonants in wordinitial and word-final positions, respectively.
The error rates for the six stops, the fricatives /v, f, z, s/, the contrast /t', /, and the contrast /ʃ, tʃ/ are shown in Table  II . The table underscores effects due to accent, age, and hearing loss as they relate to errors in recognition of stops, fricatives, and affricates.
Looking at word-initial stops in the unaccented vs moderate accent conditions for all three groups, the table shows that error rates were 7% or less in all conditions and groups, except for the older hearing-impaired listeners responding to Note that tЈ is a separate entry of /t/; it was included as a test item that contrasted minimally with //. the moderate accent condition ͑18% error͒. In contrast, there was a substantial effect of accent for perceiving word-final stops in all three groups ͑25%-38% error͒. An ANOVA was conducted on the error rates of the three listener groups in the two speaker conditions and two consonant positions, for stop-consonant perception. The results verified main effects of accent ͓F͑1,42͒ = 456.81, p Ͻ 0.001͔, position ͓F͑1,42͒ = 104.9, p Ͻ 0.001͔, and group ͓F͑2,42͒ = 16.87, p Ͻ 0.001͔, and a significant accentϫ position interaction ͓F͑1,42͒ = 41.84, p Ͻ 0.001͔. The main effect of group was attributed to significantly poorer performance by the older hearingimpaired group compared to the two normal-hearing groups. The interaction reflected the consonant position effect for the moderately accented speaker but not for the native English speaker. As shown in the confusion matrix in Table III , the principal error type for initial stops by the older hearingimpaired group was for place. However, the nature of the accent effect for stop consonants in word-final position was that listeners primarily perceived intended voiced stops as voiceless ͑see Table IV confusion matrix͒. To summarize, for word-initial stops, there is a significant but modest accent effect for all groups. However, for word-final stops, this effect is substantial and significant for all listener groups. The position effect ͑initial vs final stops͒ was significant for the accented speaker condition, but not for the native speaker condition. Hearing-impaired listeners showed higher error rates than the two normal-hearing groups for stops in both accent conditions and both word positions. For the fricatives ͑/v, f, z, s/͒, there appears to be a strong accent effect for all listener groups, in both wordinitial and word-final positions. Comparisons of error rates for these consonants in the no accent condition vs the moderate accent condition show an increase in error rate of 23%-29%. An ANOVA confirmed significant main effects of ac- cent ͓F͑1,42͒ = 600.07, p Ͻ 0.01͔ and group ͓F͑2,42͒ = 9.06, p Ͻ 0.01͔. The main effect of position and the interactions were not significant. The group effect reflected higher error rates by the older hearing-impaired group than by the two normal-hearing groups. The vast majority of the errors for the older hearing-impaired group was associated with listeners perceiving a voiceless fricative when the intended fricative was voiced, in both word-initial and word-final positions ͑see Tables III and IV͒. For the /t', / contrast, the increase in error rates from the no accent condition to the moderate accent condition was substantial for the word-initial position but minimal for the word-final position. Listeners with normal-hearing, both younger and older, showed a 10%-13% increase in error rate with accent in the word-initial position; older listeners with hearing loss, however, showed a 25% increase in errors. ANOVA confirmed significant main effects of accent ͓F͑1,42͒ = 23.43, p Ͻ 0.01͔, position ͓F͑1,42͒ = 8.39, p Ͻ 0.01͔, and group ͓F͑2,42͒ = 38.75, p Ͻ 0.01͔, and a significant interaction between accent and position ͓F͑1,42͒ = 26.19, p Ͻ 0.01͔. The group effect was attributed to the higher error rates of the hearing-impaired group compared to the younger and older normal-hearing groups. The source of the accentϫ position interaction was a significant accent effect for perceiving the /t/ vs // contrast in the word-initial position but not in the word-final position.
Finally, for the /ʃ/ vs /tʃ/ contrast, the overall error rates in the word-initial position for the moderate accent condition were rather high at 49%-54%, reflecting a major drop in performance levels from the no accent to the moderate accent conditions in all listener groups. Here, the overwhelming category of error is that listeners heard /ʃ/ for the intended /tʃ/ ͑see Table III͒. In contrast, in the word-final position, the fricative/affricate distinction was recognized with a high level of accuracy ͑2% error rate͒ by all three listener groups ͑also shown in Table IV͒ . Statistical analysis ͑ANOVA͒ revealed significant main effects of accent ͓F͑1,42͒ = 466.69, p Ͻ 0.01͔, position ͓F͑1,42͒ = 472.993, p Ͻ 0.01͔, and group ͓F͑2,42͒ = 5.17, p Ͻ 0.05͔, and a significant accentϫ position interaction ͓F͑1,42͒ = 368.28, p Ͻ 0.01͔. As in the previous analysis, the source of the interaction effect was a significant accent effect for the /ʃ/ vs /tʃ/ contrast in the word-initial position but not in the word-final position. The main effect for group indicated that the hearing-impaired participants exhibited significantly higher error rates than the young normal-hearing listeners.
Taken together, these perceptual results suggest that many of the phonetic distinctions typically cued by duration among native speakers of English may be altered by a moderately accented speaker of English. These include the silent duration as a cue to the fricative/affricate distinction in wordinitial position /ʃ/ vs /tʃ/, and vowel duration as a cue to post-vocalic consonant voicing for stops and fricatives. This is reflected in the performance patterns of the younger and older normal-hearing listeners, whose performance was quite similar. Similarly, older hearing-impaired listeners exhibited high error rates for these same temporal contrasts, in addition to notably poor performance for spectral contrasts as seen in word-initial stops and the word-initial /t'/ vs // distinction.
D. Acoustic analyses
To further understand the perceptual results, a set of acoustic analyses was conducted to compare the productions of the native speaker with those of the two accented speakers. The analyses consisted of the following measures: ͑1͒ VOT for initial stops, ͑2͒ the duration of initial voiceless frication in word-initial voiced fricatives ͑which is inappropriate in native English͒, ͑3͒ vowel duration as a cue to postvocalic voicing in stops and fricatives, and ͑4͒ duration of the silent interval preceding the fricative /ʃ/ as a cue to the fricative/affricate distinction ͑note that in the case of wordinitial affricates, the duration of this silent interval was that interval between the initial burst and the onset of frication͒. In addition, vowel duration was measured as a cue to distinguish the lax vowel /(/ from the tense vowel /i/. These acoustic analyses were conducted on approximately half of the 160 words spoken by the native English, mildly accented, and moderately accented speakers ͑240 analyses͒. Both waveform and spectral views of the COOL EDIT PRO software, as well as auditory confirmation, were used to determine the appropriate segment for analysis and to calculate the relevant duration.
Voice-onset time in initial stops was calculated from the onset of the burst to the onset of voicing. In cases where there was pre-voicing ͑which was predominantly observed in the moderately accented speaker͒, the VOT was entered as 0 ms. The VOTs presented here were averaged across place of articulation. For the voiced stops, VOTs were 17, 27, and 15 ms, respectively, for the native, mildly accented, and moderately accented speakers. For voiceless stops, VOTs for the three speakers were 98, 121, and 75 ms, respectively. These VOT values for voiced and voiceless initial stops were sufficiently distinct to produce no voicing errors.
The principal cue to distinguish voiced from voiceless fricatives in the word-initial position is the temporal alignment between the onset of frication and the onset of voicing, and this alignment is simultaneous for voiced fricatives ͑Pirello et al., 1997͒. The accented speakers had a tendency to initiate the voiced fricatives with a short period of voiceless frication. This characteristic was quantified as the duration of voiceless frication prior to the onset of voicing. In native English, the duration of voiceless frication should be 0 ms for word-initial voiced fricatives. Figure 3 ͑top panel͒ shows the duration of voiceless frication for eight pairs of contrasting words, spoken by the native talker and the moderately accented talker ͑data for the mildly accented talker were omitted for clarity of presentation͒. As can be seen, the duration of voiceless frication for the native talker is essentially 0 ms for all voiced tokens, whereas for the moderately accented speaker, it ranges from 30 to Ͼ300 ms. Mean values for the native, mildly accented, and moderately accented talkers are 5, 40, and 122 ms, respectively. These findings substantiate the conclusion that intended word-initial voiced fricatives produced by the moderately accented speaker were more appropriate for voiceless fricatives and, in fact, were heard as such ͑Table III confusion matrix͒. Mean values for the voiceless fricatives spoken by the native, mildly accented, and moderately accented talkers were 175, 227, and 272 ms, respectively. These values are all within the expected range for voiceless word-initial fricatives, and there were few errors for these fricatives as shown in Table III .
Vowel duration as a cue to post-vocalic voicing was measured for word-final fricatives and word-final stops. A sampling of vowel duration values for ten contrasting word pairs ͑word-final fricatives and stops͒ produced by the native and moderately accented talkers are shown in Fig. 3 ͑bottom panel͒. As expected, vowel duration is longer for voiced consonants than for voiceless consonants for the native speaker, where there is a clear separation in vowel duration between voiced and voiceless tokens. For the accented speaker, however, the distinction in vowel duration between voiced and voiceless consonants is minimal, with vowel durations for voiced consonants as short as vowel durations for voiceless consonants produced by the native speaker. For the voiced stops, average vowel durations for the three speakers ͑native, mild accent, and moderate accent͒ were 277, 184, and 162 ms, respectively; for voiceless stops they were 131, 124, and 119 ms, respectively. Thus, vowel durations preceding voiced stops were considerably shorter as produced by the two accented speakers compared to the native speaker. This likely contributed to the frequent perception of intended word-final voiced stops as voiceless, when produced by the accented talker ͑see confusion matrix, Table IV͒ . Vowel duration as a cue to voicing in word-final fricatives was also measured. Mean vowel durations associated with word-final voiced fricatives were 377, 218, and 192 ms for the native, mildly accented, and moderately accented talkers, respectively. Comparable values for word-final voiceless fricatives were 152, 193, and 158 ms. Again, for final voiced fricatives, vowel duration is longer than for voiceless fricatives, but there is considerable overlap in these values for the accented talkers, particularly for the intended final /z/ ͑see Fig. 3 , bottom panel͒.
Duration of the silent interval between the burst and frication was measured as the cue to distinguish the fricative /ʃ/ from the affricate /tʃ/. In cases where intended affricates had no burst and were initiated by frication ͑as is appropriate for a voiceless fricative͒, the cue was recorded as 0 ms. For word-initial tokens, mean values for the three speakers ͑na-tive, mild accent, and moderate accent͒ were 20, 11, and 0 ms for the affricate /tʃ/, but all speakers showed a consistent value of 0 ms for the word-initial fricative /ʃ/. It is notable that there was very little variability in the tokens produced by the moderately accented speaker. In the word-final position, the silent duration values were 112, 41, and 143 ms for the native talker, mildly accented talker, and moderately accented talker, respectively. It is clear that the productions of word-initial /tʃ/ and /ʃ/ by the moderately accented speaker were not distinct. This is reflected in the confusion matrix shown in Table III and the summary error rates shown in Table II .
Finally, vowel duration was measured for the lax vowel, /(/, and the tense vowel, /i/. Mean values for lax vowels ͑/(/͒ were 101, 73, and 78 ms, and for tense vowels ͑/i/͒ were 153, 115, and 122 ms, for the native, mildly accented, and moderately accented talkers, respectively. In all instances, the average duration of the tense vowels was longer than that of the lax values for all speakers. This supports the observation of a relatively low error rate for the vowels of all three speakers ͑Fig. 2͒.
IV. DISCUSSION
A. Effects of accent, hearing loss, and age on speech recognition
All listener groups exhibited a significant decline in speech understanding performance with accented speech in a quiet listening environment. Although the overall level of performance was quite high for all groups in the no accent condition, it declined to levels of 59%-78% for the moderate accent condition. This performance level was substantially better than that reported in a previous study ͑Burda et al., 2003͒. In that investigation, 20 monosyllable and bisyllable words and 10 sentences were produced by an accented speaker whose L1 was Spanish, and presented in quiet in the sound field at a level between 60 and 64 dB SPL. Scores ranged from 41% to 46% for recognition of accented words and from 66% to 70% for recognition of accented sentences by older, middle-aged, and younger listeners. The lower levels of performance for words in the Burda et al. ͑2003͒ study, compared to the present study, could be related partially to differences in the degree of accentedness of the talkers, the number of syllables comprising the word stimuli, the total number of test items, the lexical complexity of the stimuli, and the presentation level of the stimuli. Older hearing-impaired listeners performed more poorly than all other groups in all conditions. They experienced some difficulty in accurately recognizing the stimuli in the no accent condition, as was anticipated based on their high frequency hearing loss and the phonetic composition of the target words, which included fricatives and stops. Despite the high presentation level of the signal, they had difficulty resolving the high frequency spectral information in these stimuli, either because of reduced audibility for weak high frequency energy in the fricatives or because of wider critical bands in this region that limit stop-consonant perception ͑Al-exander and Kleunder, 2009͒. This hearing loss effect was most evident in the moderate accent condition in which the older hearing-impaired listeners scored at about 60% correct for words and sentences, underscoring their difficulty in understanding accented English.
An effect of listener age ͑i.e., older normal-hearing participants perform more poorly than younger normal-hearing participants͒ was observed only for the sentence stimuli in the mild accent condition. Although an age effect was predicted based on the difficulties in auditory temporal processing exhibited by older people and verified in the current sample, coupled with the temporally based cues required for word identity among these stimuli, the analysis of overall word recognition does not support this notion. Burda et al. ͑2003͒ reported an age effect on recognition of accented words and sentences. In that study, the young listeners had normal-hearing, whereas the older listeners had mild, agerelated hearing losses. Thus, the age effect reported in that study may have been due to the reduced audibility of the speech signal for the older group as a result of poorer hearing thresholds and a relatively low signal level. This explanation would be consistent with the present finding of a hearing loss effect, rather than an age effect, for understanding accented English. In the current study, the finding of a slight age effect for sentences in the mild accent condition may point to possible difficulties in perception associated with syllable-timed sentences that have a different temporal pattern than English, consistent with results from psychoacoustic studies of temporal discrimination for tonal sequences ͑e.g., Gordon-Salant, 2001, 2004͒. However, this age effect was not observed for the moderate accent condition suggesting that at least in quiet conditions, the age effect was not robust. It appears that in quiet conditions, older normalhearing listeners are able to recognize accented English as well as younger people.
B. Effect of context on recognition of accented English by older listeners
The effect of stimulus context was examined in this study by comparing recognition performance of words to that of sentences. It was anticipated that older listeners, both normal-hearing and hearing-impaired, would exhibit poorer recognition performance for accented sentences than for accented words because of the distracting effects of altered prosody coupled with altered acoustic cues for phoneme identity in target words. There was no context effect observed in the data. Thus, the findings indicate that the listeners perceived the words in isolation at the same level of accuracy as the words at the end of a sentence. The altered prosody in the carrier phrase produced by the accented speakers did not have any additional negative impact on perceiving the final test word by all listener groups. The effects of altered prosody associated with accented speech on recognition of target words within carrier phrases ͑i.e., in positions other than sentence final locations͒ have not been studied and thus are unknown.
C. Patterns of phoneme errors in recognition of accented English
Temporal alterations that accompany accent were expected to yield specific phoneme errors. Higher errors, especially by older listeners, were predicted in those instances where the segments produced by the accented speakers were shorter than those produced by the native speaker. It was predicted that such errors would be observed in word-initial consonants, word-final consonants, and vowels. The overall results indicated that in all accent conditions, there were more errors for consonants than for vowels, with few differences in error rates for word-initial vs word-final consonants. Additionally, the older hearing-impaired group had higher error rates in all three accent conditions for consonants in both word-initial and word-final positions compared to the normal-hearing groups, but there were minimal differences in vowel errors across the three groups.
Detailed analyses of consonant confusions underscored the differences in the error patterns for consonants in the word-initial vs word-final positions, particularly as affected by talker accent and hearing loss. In English, there is a major difference in the duration of vowels preceding voiced and voiceless final consonants, whereas this distinction is minimized in other languages, including Spanish. Thus, it was predicted that the native Spanish speakers would reduce the duration of vowels preceding voiced final consonants, compared to the native English speaker and this would be reflected by higher error rates for intended voiced word-final consonants. The results showed a strong effect in both wordfinal stops and word-final fricatives by all listener groups. Consonant confusion matrices confirmed that the error patterns for word-final stops and word-final fricatives were primarily voicing errors, wherein they were perceived as voiceless consonants when the intended consonant was voiced. Acoustic analyses clearly showed that vowel durations preceding voiced final consonants as produced by the accented speakers were markedly shorter than those produced by the native speaker. Unlike the native English speaker, the accented speakers showed a minimal distinction between the vowel durations associated with intended voiced and voiceless final consonants. This accent effect was observed in all groups and was magnified with the older hearing-impaired group.
Another phonetic segment that was predicted to be shorter in accented speech was VOT in intended voiceless stops. This would have been manifested as a relatively high identification rate of voiceless stops as voiced. The confusion matrices for initial stops did not support this prediction. Acoustic analyses confirmed that the VOTs for voiceless stops produced by the accented speakers were within the acceptable range for English voiceless stops ͑Lisker and Abramson, 1964͒.
In the case of the fricative-affricate distinction, acoustic analyses by Magen ͑1998͒ showed that Spanish-accented speakers delete the burst at the onset of the affricate and thereby omit the following silent interval; in other words, they say /ʃ/ for /tʃ/. Thus, it was predicted that listeners in the current study would hear intended /tʃ/ as /ʃ/. The consonant confusion analysis confirmed this prediction for wordinitial consonants, as evidenced by a strong accent effect for all listener groups. The acoustic analysis showed that the accented speakers often did not have a burst preceding intended word-initial /tʃ/ productions, and, in fact, the moderately accented speaker did not have a burst nor a silent interval ͑cue of 0 ms͒ for all of his intended word-initial /tʃ/ productions.
One unexpected finding was the higher error rates for word-initial fricatives produced by the accented talker compared to the native talker. Acoustic analyses indicated that the accented speakers were injecting an inappropriate initial segment of voiceless frication while producing intended voiced fricatives. This phenomenon contributed to the perception of voiceless fricatives when the intended fricative was voiced.
Vowel identification errors were relatively few for all listener groups in all conditions. The vowel contrast, /(/ vs /i/, was examined primarily because accented speakers whose L1 is Spanish have difficulty producing the appropriate durations required for the distinction of /(/ vs /i/ ͑Magen, 1998͒ and these accented vowels are often confused by normalhearing listeners ͑Sidaras et al., 2009͒. The acoustic analyses indicated that although accented talkers produced vowels with shorter durations than the native talker, the mean durations of tense vs lax vowels produced by each speaker were distinct. This observation may explain the low error rate for vowels. Minimal differences in vowel errors were observed between listener groups for the moderately accented speaker condition, a finding that is also consistent with the acoustic analyses.
The foregoing analysis suggests that the pattern of phoneme errors attributed to accent links well to the acoustic changes accompanying Spanish-accented English. This initial study employed one mildly accented talker and one moderately accented talker, and the extent to which the results extend to perception of words and sentences produced by other L2 speakers of English whose L1 is Spanish is not yet known. Nevertheless, for many of the phonetic contrasts examined here, the acoustic measurements of the accented tokens are consistent with those reported by Magen ͑1998͒ and Shah ͑2004͒ for Spanish-accented English.
D. Combined effects of accent and hearing loss
The statistical analysis of consonant errors showed a consistent effect of hearing loss. This was observed for both accent conditions and both consonant positions for all phoneme contrasts examined. In addition, there was a strong effect of accent for each of the consonant phoneme contrasts, although the accent effect was often different depending on whether the contrast was word-initial or word-final. The hearing loss effect for unaccented speech is well known, and generally reflects reduced audibility for high frequency spectral information, especially because the hearing-impaired participants in this study had high frequency sensorineural hearing loss.
By design, the stimuli were chosen to sample primarily temporal contrasts, which were expected to be altered by Spanish-accented speech. As a result, the effect of moderate accent for all listeners demonstrated that the errors were primarily temporal in nature and acoustic analyses supported this observation. Further, these alterations may have resulted in ambiguous tokens of the intended phoneme. The findings suggest that listeners with normal-hearing were often able to resolve these ambiguous phonemes, either because these tokens were sufficiently close to the intended English phoneme that these listeners could parse out the principal acoustic cues or they could rely on secondary cues that may have been present in the signal. Listeners with hearing loss, listening to moderately accented speech, had to resolve the temporally altered signal and process this signal through an impaired auditory system that limits resolution of spectral information. The combination of these factors appears to contribute to their poor performance.
E. Summary and conclusions
This initial investigation of the effects of accent on recognition of English words and sentences in quiet by younger and older listeners has shown that accent affects recognition of English, and that hearing loss has a differential effect on performance. While age effects were observed in some conditions, they were relatively minor. In general, older listeners with normal-hearing performed as well as younger listeners with normal-hearing, suggesting that age, per se, does not have a negative impact on perception of this type of accented speech in quiet. There was little evidence that context played an important role in perception in quiet listening environments, because recognition scores for words in isolation and in sentences were equivalent for most accent conditions. For all listeners, consonant errors were considerably greater than vowel errors, but patterns of consonant confusions were quite different for consonants in word-initial and word-final positions. The error patterns of the normal-hearing listeners reflected temporally based alterations in the intended speech tokens that mainly included changes in vowel duration as a cue to post-vocalic voicing in stops and fricatives and the temporal alignment of voicing with frication as a cue to initial voiced fricatives. Hearing-impaired listeners exhibited these errors, as well as additional spectrally based errors, in recognizing accented English. The interplay between the ambiguous tokens of accented speech and the attenuation and distortion imposed by hearing loss are offered as a tentative explanation of the significant and consistent hearing loss effect in all accent conditions.
